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SSME Upper Stage Use 

Objectives 
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SSME Upper Stage Application 

Duty Cycle Scenario 
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1 - 3 ORBIT 
COAST PERIOD 
(1.5 -4.5 Hrs) 
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Duty Cycle Scenario 




SSME Upper Stage Use 

Apollo Launch and Restart Positions 
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SSME Upper Stage Use 

Apollo Launch and Restart Positions 
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Restart Between 1 i and 3 Orbits 
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Apollo Experience 
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Current SSME Start Sequence 
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SSME Upper Stage Use 

Functional Sequence of Start 
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the mainstage mode is achieved. 
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SSME Upper Stage Use 

Functional Sequence of Start 



SSME Upper Stage Use 

Current Start 

System Constraints/Control Scheme 
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• Inlet Conditions Within Specific Temperature and Pressure Ranges 

• Certain Components Within Specific Temperature Ranges 

* No Control Through Measured Preburner or Turbine Temperatures 

• Preburner Augmented Spark Igniters (ASIs) Controlled be Orificing of Lines - Not by Valves 


Q § 
o jf 

m § 33 * 

<i a ag 

^l-O 00 

® o o« 
A) 5 ^ 3 

<o ® 3 3* 

2 JCJ-O w 

m a ;?«> 

3 O ° J 
» 125 

o 3. 3 £ 

-i Q) 

O W r 
— CO 3 

o ® =r 

^ ° 

T 1 3 

■o d 

9 ° 

< "0 

> Q 

o < 


E m 

2 "o 

a o 

a < 


OI -g 

W r* 

8 I 

i §■ 

a 

w > 

* o 

o 

E "O 

■n fi> 

-y cr 


j SL s 

A • 3 • _ 

o OgTIo 
o§ » = a 
§ 3 |*Q^ 

3 “ 5 S f 

a ?8 r o 

*2§|i 

2i3° o 

“IS? 

3 S 3 » 

o'® » 3 

a S > 0 0 

0 3 3 S’ 

a a 2 o* 

3 a o 2 
to a •+ _ 

ST cr 2 "o 

(Q < y 3 

? oil 

a *o 8 o 

So® 3: 

V < 3D O 
« £§ 
8 °» 
2 S 

a S 

(0 3 


• m 
3 

0(0 

.S3 

2 &° 

ajT a 

• = §a 

■dOtj* 
o » d<o 
<3 3r 

,ao-c a 

! S 8 

?To - 
■ 2 3 3 3 
=5 ^ o 

. - o 2 . 3 

'q£e| 

0 S 8 ® 

3 SLoQ 
a m § 

do a 

SO o 
S 3 o 
is 

a'T' O 
1 ° P ^ 

ii 2 a 

-S? 5 
78 § 

3*0 


OTJ 
O 2 


03 
o a 
<2 o 

3 » 

3 — 
w o 


03 T 

h n A 

~ w <o 

O 3 


O O 
— (Q 

53 * 
“ 3 
| 3 

a a 
2 0 ) 
<3* 

a a 

c a 
a E. 
« ® 


S*< 

3 h a 

• §£ 
Wf-d 

S-i 8 

M ? a 

AO? 

(fl O 

|f* 

(O A 

° > 

"* o 

® 8 

J& 

a a 

-1 < 
tt * 


0 s 

C 


SSME Upper Stage Use 

Current Start 

System Constraints/Control Scheme 



SSME Upper Stage Use 

Engine Start Valve Sequence (Typical) 
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TIME FROM START SIGNAL (SECONDS) 
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SSME Upper Stage Use 

Engine Start Valve Sequence (Typical) 
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f or safety purposes to avoid propellant accumulation in interstage connection compartments. 



Engine Hardware Conditions Same as For Current Ambient Start 
• Short Time for Changes to Occur 
Standard Prestart Purges 
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The net effect of these lowered pressures is to delay the initial bootstrap rate, although the overall 
time to bootstrap the engine and the time to full mainstage remains the same as the current start. 
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Orbital Coast Phase Thermal Analysis 
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Apollo SIV-B stage was utilized for defining stage orientation 
conditions and for performing a check on the results. 
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As shown, the temperature history of certain components will set minimum times for 
restart either by reaching needed limits or through thermal conditioning. Temperature may 
also exceed limits after a time either imposing a maximum time for restart or, more likely, 
a requirement for conditioning or other thermal control. 
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LH2 re-circulation flow = 1. Ibm/sec. LOX re-circulation flow = 1. Ibm/sec. 

Solar heating = 429 btu/ft2-hr. Half of the surface area 
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LH2 re— circulation flow = 1. Ibm/sec LOX re-circulation flow = 1. Ibm/sec 
Solar heating = 429 btu/ft2— hr half of the surface area 
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the oxidizer preburner and 6200 seconds for the fuel preburner. Again 
the lower temperature rise is expected to be offset by the hot nozzle 
temperatures. 
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SSME TMM HEAT SOAKBACK CASE 16 

LH2 re-circulation flow = 1. Ibm/sec. LOX re-circulation flow = 1. Ibm/sec. 
Solar heating = 429 btu/ft2— hr. Half of the surface area 
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nozzle temperatures upstream of the preburners. If the restart 
model shows the preburner temperature to be a driver for restarting 
the engine, higher temperatures could be achieved by having a 
longer cutoff purge to warm the preburner. 


Time, seconds 


Temperature, degree F 



SSME TMM HEAT SOAKBACK CASE 16 

LH2 re-circulation flow = 1. Ibm/sec LOX re-circulation flow = 1. Ibm/sec 
Solar heating = 429 btu/ft2-hr half of the surface area 
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temperatures upstream of the preburners. If the restart model shows the 
preburner temperature to be a driver for restarting the engine, higher 
temperatures could be achieved by having a longer cutoff purge to warm 
the preburner. 
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, . . SSME TMM HEAT SOAKBACK CASE 16 

LH2 re— circulation flow — 1. Ibm/sec LOX re— circulation flow = 1. Ibm/sec 

Solar heating = 429 btu/ft2— hr half of the surface area 
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on LOX Low Pressure Pump and Discharge Due 
On H2 Low Pressure Pump and Discharge Duct 
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SSME TMM HEAT SOAKBACK CASE 23 
CHILLDOWN STARTS AETER 3 HOURS IN ORBIT 
LH2 re-circulation flow = 1. Ibm/sec. LOX re-circulation flow = 1. Ibm/sec. 

Solar heating = 429 btu/ft2-hr. Half of the surface area 
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SSME TMM HEAT SOAKBACK CASE 23 
CHILLDOWN SI ARTS AF TER VEHICLE IS IN ORBIT FOR 3 HOURS 
LH2 re— circulation flow = 1. Ibrn/sec. LOX re— circulation flow = 1. lb 

Solar heating - 429 I)tu/ft2— hr. Half of the surface area 
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Current Insulation on SSME 
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prevents the heat from arriving). The last case shows the flowrate needed to achieve the same effect as 
the paint. 
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The recirculation flowrates appear to be less than required for stage 
repressurization, however this requires further investigation since actual 
restart times have not been established. 
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and its combustion produced moisture from the environment should be conducted to further 
quantify the moisture which exists in the engine at altitude cutoff. 
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corresponded with the Apollo restart experience base which had an average restart of 
approximately 8,400 seconds. Restarts of the engine at earlier times were examined also, but 
were found to require additional heating of components. 
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Direct Heating of Two Components to Ground Ambient 

• Main Fuel Valve Discharge/Coolant Control Valve 

• Oxidizer Preburner Oxidizer Supply Duct 

• Mixture Ratio Control 
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The schedule assumes that one test stand at the NASA Stennis Space Center is available and that 130 tests are needed 
between the Arnold Engineering Development Center and SSC. Assuming production of flight engines occurs 2 1/2 years after 
the program is initiated, initial launch capability is viable in 5 1/2 years from program start. 




NOTE: SHADED ACTIVITIES INCLUDED IN COST ESTIMATES | $ 174. 8M TOTA 
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